A tr~cheostomy tube that has to be retained despite attempts to remove it, must be defined as a retatned tube. The previous literature is reviewed. The consequences of establishing a tracheostomy are described and, based on these considerations, recommendations are made for a regime to allow decannulation to be performed.
INTRODUCTION
"Tracheostomy has long been a standard method for the relief of urgent laryngeal obstruction and, particularly in more recent years, for managing respiratory difficulties of many and varied causes, but the problem of the retained tracheostomy tube has limited the usefulness of this procedure in the very young". This statement is taken from the opening paragraphs of a paper on prolonged nasotracheal ~n~ubl;t.ti~n by McDonald and Stocks (1965) and It IS slgmficant that the problem of the retained tracheostomy tube was regarded by the authors ~ the major difficulty following tracheostomy m the very young in spite of the many other well known complications of this operation in the newborn and young infant.
Whilst Stocks (J 973) defined a "retained tube" as one" in which the trachea collapses if the tube is removed" and " may occur if too high an incision is made into the trachea or if cart~lage is excised", reference was being made partIcularly to one of the complications of the operation of tracheostomy. Any tracheostomy tube tha.t has to be retained despite attempts to remove It, must be defined as a retained tube and until the cause of the failure to decannulat~ has been established, the appropriate measures cannot be undertaken.
It is appropriate for me at this stage to pay my tribute to the contribution that John Stocks made to paediatric anaesthesia, not only in Australia but also throughout the world. The content, scope and magnitude of his final publication on the management of respiratory failure in infancy (Stocks 1973) was an indication of his grasp of the pathophysiological processes involved, the rationale, indications and details of the treatment required and underlined his vast experience and expertise in this field. It is a fitting testimonial to one who has devoted so much time and effort in furthering the development of paediatric respiratory care, and its text will long be regarded as a classic review paper in this field. The effort, patience and concentration required to complete this work at a time when he was far from well physically is further evidence of his devotion to the cause of paediatric anaesthesia, and characterized his immense diligence and stamina. Today's programme on airway problems in children would have appealed greatly to John Stocks and one cannot help feeling despite his keen interest in other fields, that this aspect of intensive care above all else was the one with which he was most fascinated and with which his name will primarily be associated and remembered.
REVIEW OF PREVIOUS LITERATURE
I t has been suggested that the incidence of retained tracheostomy will vary according to the original indication for tracheostomy. Glover (1970) stated that provided the patient's upper airway is normal before tracheostomy and provided the procedure is carefully carried out at the correct level, difficulty in de cannulation should seldom arise. In a series of 310 tracheostomies in infants under 12 months of age at the Hospital for Sick Children, London, in whom there were 109 survivors, only four patients could not be decannulated and in each instance there was an obvious cause such as haemangioma of the larynx or congenital subglottic stenosis.
Althuugh the existence of the condition of retained tracheostomy tube has been recognized for many years, little attempt has been made to understand fully the con".;equences of making a tracheostomy and therciore the causation of this lesion. Thc'literature concerning this condition is remarkably sparse anel on the whole only vague generalizations are offered to assist in the management of the process of decannulation.
Twenty years ago the most commonly used methods to wean a patient from the tracheostollW consisted of either inserting tracheostomy tulx;s with progressively smaller diameters or to cork the tracheostomy tube to encourage the use of the normal upper air passages. The first deliberate attempt to design a tracheostomy tube to assist the process of weaning would seem to be that of \Yibon (1958) . This tracheostomy tube is constructed so as to overcome the necessity of changing the outer tracheostomy tube for smaller sizes and to prevent the increased resistance to expiration that is produced by fitting a cork to a tracheostomy opening of an unmodified tracheostomy tube. The .-\Ider Hev tracheostomy tube is J~acle so that there is an opening in tLe superior surface of the outer tube thus allowing air to pass unhindered to and from the larynx when a specially designed blocker occludes thc opening. The cross section area of the hole is approximately equal to the bore of the outer tube. An expanded outer end of the inner tube allows attachment to a T piece system for the purpose of controlled ventilation, direct humidification or anaesthesia. \Yilton and \Vilson (19U5) discussed the problem of weaning and described the value of the Alder He\' tracheostomy tube.
' Since the majority of difficulties encountered in attempting the removal of the retained tracheostomy are likeh' to occur in the ven' young infants, it is ~ hardly surprising that considerable experience with this problem should have been accrued by those involved in the treatment of neonata( tetanus. Smythe (1964) listed four potential causes of difficulty in " detubing" an infant. All these conditions produced obstruction of the trachea. Firstly collapse and stenosis of the trachea can be produced by ulceration and erosion of the wall. Secondly the upper trachea between the site of the tracheostome and the larynx can become blocked by granulomata. Thirdly an inward buckling of the tracheal rings above the tracheostome can cause a considerable reduction in lumen size. Fourthly angulation of the trachea causes narrowing below the site of the tracheostome. At that time he advocated a transverse slit in the trachea having previously abandonl'd the use of a window cut from the trachea which inevitably caused stenosis at the site of the tracheostome. The advantages of the tranwerse slit were stated as being that the rings were left intact, the unweakened rings gripped thl' tubl' and prevented accidental decannulation, and an alignment of the tube within the lumen of the trachea was easier. It is of interest that subsequently Smythe, Bowie and Yoss (1974) abandoned the transverse incision in the trachea and in common with most centres now use a longitudinal incision between the 2nd and 4th tracheal rings. Decannulation was performed when the 3 mm Holinger tracheostomy tube could be blocked continuously for 24 hours without causing respiratory distress.
The introduction of the technique of prolonged nasotracheal intubation in the middle 19tiOs as an alternative to tracheostomy naturally suggested that this manoeuvre might be of value in the process of decannulation of a persistent tracheostomy. ~Ic Donald and Stocks (1965) mentioned that they had tried this technique in three patients. l:nfortunately it was succl'ssful in only one instance. This pioneering work was followed by Smythl' (19H7) who suggested that if the infant would not tolerate occlusion of the :{ mm Holinger tracheostomy tube, a Portex plastic :)·0 mm internal dIameter nasotracheal tube shoulcl be inserted under general anaesthesia ami left ill situ for four days. He reported some success with this manoeuvre in that in 13 out of 15 cases this techniqul' had heen successful. The mean duration of tracheostomy in the last 31 cases had been eight weeks with a maximum of 12 weeks and this compared very favourably with previous experience when 10 out of 39 infants took longer than 12 weeks before detubation was achieved.
It is now routine practise in the tetanus unit at the Red Cross l\Iemorial Hospital, Cape Town, to perform detubation by replacing the tracheostomy tube with an indwelling nasotracheal Portex plastic tube and leaving it in situ for four days (Voss 1974) . In view of the recent developments in the treatment of neonatal tetanus in which an endotracheal tube is now used throughout the period of controlled ventilation (Ganendran 1974 ) perhaps due to the fact that subglottic complications, for some poorly understood reason, are extremely rare at this age (Stocks 1973) , the problems of decannulation in this age group following successful treatment of tetanus neonatorum may thus be circumvented. Nevertheless there will still remain the occasional infant and child in whom difficulty is experienced in removing the tracheostomy tube.
CONSEQUENCES OF ESTABLISHING
A TRACHEOSTOMY A regime for the management of children with the retained tracheostomy tube must be based on the knowledge of the consequences of establishing a tracheostomy, some of which are inevitable and others which arise due to complications.
The inevitable consequences of establishing a tracheostomy are:
(a) a foreign body effect which produces an inflammatory reaction in the trachea and around the tracheostome. (b) lack of filtration and humidification, which initially produces viscid secretions and encrustation with the danger of obstruction within the lumen of the tracheostomy tube. (c) the introduction of infection leading to a continued low grade chronic tracheobronchitis with occasional exacerbations of acute infection. Tracheal secretions are increased and suction is required more frequently to clear the air passages. (d) the cessation of airflow through the larynx resulting in gradual immobility of the vocal cords. Normal abduction of the vocal cords on inspiration is lost and the cords take up a cadaveric position. Restoration of the airway through the laryngeal aperture without previous weaning can therefore meet considerable resistance to airflow both during inspiration and expiration.
(e) a loss of deadspace which is usually calculated on half the normal anatomical deadspace. Sudden restoration of this deadspace following decannulation may impose a considerable increase in respiratory effort required, particularly if accompanied by increased resistance due to voluminous secretions or immobile vocal cords.
The occasional late complications of tracheostomy include:
(a) the development of tracheal obstruction at the site of the tracheostome due to incorrect surgical technique. There would seem to be sufficient evidence to condemn completely in infants and children of all ages, the removal of cartilage of the trachea either in the shape of a window or the creation of a Bjork flap. A transverse incision leads to great difficulty in the introduction of the tracheostomy tube, pressure necrosis on the tracheal wall around the tube and may well be responsible for some of the complications described by Smythe (1964) namely ulceration followed by stenosis, buckling of the anterior wall of the trachea above the tracheostome and angulation of the trachea. These complications were all described by Smythe (1964) when the current surgical technique for tracheostomy involved the use of a transverse incision. The correct incision into the trachea is a longitudinal incision through the 2nd, 3rd and 4th rings. (b) the growth of grannulation tissue projecting into the lumen of the trachea. These granulations may be removed by removing the tracheostomy tube under general anaesthesia and inserting an oral endotracheal tube so that these fleshy masses are pushed into the track of the tracheostomy where they may be removed by cup forceps or diathermy. The tracheostomy tube may then be replaced once all the granulations have been removed. In patients with laryngeal papillomatosis seedlings may be present between the larynx and tracheostome or below the tracheostomy in the trachea or bronchi and have to be removed before a clear airway can be established.
Having understood the results of making a tracheostome and the complications arising from it, a regime to enable decannulation to be performed can now be formulated.
DECANNULATION REGIME
It is essential that any reversible obstruction to the airway has resolved. Thus the inflammatory reaction to laryngotracheo-bronchitis must have completely subsided, or granulomata removed. There will still be instances however, such as tracheomalacia following the presence of an abnormal vascular ring, residual congenital subglottic stenosis or tracheal stenosis due to a variety of causes, where the primary pathology causing obstruction to the airway cannot be completely alleviated. In these cases though, the indication for tracheostomy was almost certainly the superimposition of a reversible lesion, such as the presence of secretions or inflammatory exudate or oedema on an already partially obstructed airway. In patients in whom the trachea is obstructed by a stenotic area the tracheostomy should not be removed until the stenosis is substantially relieved either by repeated dilatation or excision, or in the case of the buckled anterior portion of the trachea, by refashioning of the tracheostome.
Prior to commencing the programme for decannulation therefore a thorough examination of the larynx and trachea should be undertaken under general anaesthesia to assess the patency of the airway and the movements of the vocal cords. Lateral X-rays, including tomography, and xerographs of the neck may assist in assessing the degree of residual obstruction to the trachea.
A period of expiratory rehabilitation is then instituted whereby a valved inner tube is placed in the outer tube of the Wilson Alder Hey tube. This valved tube allows the child to inspire through the tracheostome but on expiration the valve closes and air is forced up through the larynx. This period allows the child to regain movement of the vocal cords and to become accustomed to the increased dead space and resistance of the larynx and pharynx. The child will thus regain the use of the larynx and should be encouraged to phonate, talk and cough. Once the valved tube is tolerated throughout the day including feeding (the use of the tub~ at night will depend upon the level of nursing observation available) the next phase is the establishment of inspiratory rehabilitation. The inner valved tube is replaced by the blocker so that both inspiration and expiration must now occur through the larynx. Initially the child may only tolerate this procedure for a few minutes. Care must be taken to ensure that the window in the outer tracheostomy tube is in line with the trachea. Gradually the child will tolerate the blocker for longer periods until eating and sleeping can be performed without distre,s, and eventually it can be left in situ continuously. The whole process may take from one to four weeks. Final preparations for decannulation can now be made.
(a) The sputum must be cultured and if any significant bacterial infection is still present, the antibiotic sensitivity can be determined and a course of appropriate antibiotic started. In the presence of acute infection the process of decannulation should be postponed until such time as the infection has been controlled. (b) Excessive mucoid secretions in the trachea, which will lead to increased resistance to respiration following decannulation, should be reduced by the oral administration of some drying agent such as .. Actifed " which will also have a helpful sedative effect. (c) The child should be thoroughly accustomed to the attentions of the physiotherapist who must encourage the child to make full use of his cough reflex to expel tracheal secretions through the larynx. (d) The tracheostomy tube may now be removed.
A nurse must be in constant attendance and the necessary resuscitation equipment immediately available. If the infant is very active and apprehensive a sedative such as a phenothiazine may be giv('ll prior to decannulation. The best time to remove the tube is a few hours following a feed early in the day. The tracheostomy gradually closes during the next few hours with a deposit of dessicated exudate from the raw areas of the stoma. Some of this exudate may track into the trachea and form a ring of debris within the lumen of the trachea. If the child becomes distressed, it may be necessary some hours later to administer a general anaesthetic and dilate this soft obstruction by passing endotracheal tubes of increasing size. This manoeuvre may also be necessary if the child has accumulated secretions in the trachea because of the failure of the cough reflex and tlw increased respiratory distress and following their removal the endotracheal tube may be withdrawn. (e) In the hours immediately following decannulation the cough should be stimulated hourly' by physiotherapy and/or the gentle passage of a catheter into the nose. Feeding should be encouragt'd and sedation givt'n if necessary.
ALTERNATIVE METHODS OF DECANNULATION
Alternative regimes may be tried should this method prove unsuccessful or inappropriate. The tracheostomy tube size may be progressively reduced so that eventually the child becomes solely dependent on the larynx for inspiration Ana~sthesia and Intensive Care, 1'01. IV, No. 2, May, 1976 and expiration and finally the small tracheostomy tube may be totally occluded with a suitable cork and may then be withdrawn a few days later.
In the very small infant in whom the presence of an endotracheal tube causes little distress and disturbance to the larynx, a nasotracheal tube may be substituted for the tracheostomy tube and allowed to remain in situ for at least four days so that the tracheostome is firmly healed. Adequate humidification and suction are essential to prevent blockage of the tube with inspissated secretions.
Finally another useful technique involves the substitution of a small catheter through the tracheostome once the tube is withdrawn. Oxygen may then be passed through the catheter into the trachea using a safety pressure blow-off device. The catheter serves a number of functions, firstly to enrich with oxygen and increase the tidal air through the larynx, secondly to act as a portal to aspirate retained secretions from the trachea and thirdly to act as a splint to retain the tracheostome tract in case the tube has to be replaced. Over the course of a few days the flow of oxygen can be gradually reduced and once the child has tolerated the situation when no oxygen is given for 24 hours the catheter may be finally withdrawn.
It cannot be stressed too highly that the problem of the retained tracheostomy tube can only be solved by patience, understanding of the aetiology, courage and persistence.
